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This  paper documents the design and construct ion of the  Space S ta t ion /  

A i rc ra f t  Acoustic Apparatus (SS/AAA). Its c a p a b i l i t i e s  both as a space 

s t a t i o n  acous t i c  simulator and as an a i r c r a f t  acous t i c  simulator a r e  

described. Also indicated are the cons idera t ions  which u l t imate ly  r e su l t ed  i n  

"man-rating" the SS/AAA. In addi t ion,  the r e s u l t s  of no ise  surveys and rever- 

bera t ion  t i m e  and absorption coef f ic ien t  measurements are included. 

mTR-xolw 

Although the  space s t a t i o n  configuration has not  been f ina l i zed ,  many 

po ten t i a l  problem areas  have been documented and w i l l  need t o  be addressed. 

One of these areas concerns the acoust ic  environment t o  which the occupants 

w i l l  be subjected.  How t h i s  environment w i l l  a f f e c t  h a b i t a b i l i t y  and the 

accomplishment of the cont ro l  t a s k s  should be addressed. 

The NASA Langley Research Center has b u i l t  a Space S ta t ion /Ai rc ra f t  

Acoustic Apparatus as a man-rated d u a l  purpose simulator.  

a space s t a t i o n ,  research  on human response t o  expected space s t a t i o n  a c o u s t i c  

environments w i l l  be ~onducted .  When configured a s  a modern a i r c r a f t  

i n t e r i o r ,  research on human response t o  expected a i r c r a f t  acous t i c  

environments w i l l  be conducted . 

When configured as 

The purposes of t h i s  paper are: 1) t o  document the  design and 

cons t ruc t ion  of the SSIAAA; 2) t o  show how SS/AAA was "man-rated;" and 3) t o  

show r e s u l t s  of noise  surveys within the SS/AAA when configured as a space 

s t a t i o n .  



DESIGR M D  coRsmcT10le 

On February 29, 1984 a work request  wits i n i t i a t e d  t o  obtain a s s i s t ance  

from the Engineering Divisions on the design and construct ion of the SSIAAA.  

Preliminary designs for  a convert ible  space s t a t i o n l a i r c r a f t  simulator =re 

completed. Prior t o  l e t t i n g  a cont rac t  t o  bui ld  the s imulator ,  i t s  projected 

loca t ion  of Room 136 i n  Bldg. 1208 was changed i n  August 1984 t o  Room 139 i n  

Bldg. 1208 necess i ta t ing  not only a redesign of the simulator but a l s o  the  

removal of the man-rated f a c i l i t y  known as the I n t e r i o r  E f fec t s  Room and the 

replacement of i t s  wooden f loor  with a concrete f loo r .  Concurrent with the 

design and construction, a s t ee r ing  committee ( inc luding  the LaRC Safety 

Manager) was created an March 13, 1984 t o  assist in  the Preliminary Design, 

F ina l  Design, and Integrated Systems Reviews of the SSIAAA.  The simulator m s  

completed and man-rated on January 21, 1986. 

cons t ruc t ion  fol 1 ow . 
Details of the  design and 

Desfgn 

The overa l l  design of the  SS/AAA consis ted of a wood s t r u c t u r e  with 

appropr ia te  heating and cooling, e l e c t r i c a l  wiring, and acous t i c  s imulat ion . 
Wood Structure Design 

The concept for  the design of the SS/AAA was t o  have dimensions t o  not 

only approximate the expected s i z e  of a space s t a t i o n  module, but a l s o  be 

s u i t a b l e  t o  i n s t a l l  the ac tua l  i n t e r i o r  of a modern je t  a i r c r a f t .  The ove ra l l  

dimensions are shorn in  f igure  1. The i n t e r i o r  height i s  approximately 8 

f e e t .  Design d e t a i l s  are shown in  f igu res  2-5. Figure 2 i s  an i sometr ic  v i e w  

ind ica t ing  how the r i b s ,  s t r i n g e r s ,  and paneling are assembled. Figure 3 is  a 

cross-section view showing the primary r i b ,  f a s t ene r s ,  inner  and outer  

sur faces ,  a s  w e l l  as the cross-section dimensions. The sketch on the l e f t  of 
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t he  f i g u r e  ind ica t e s  how the  f ron t  and rear panels are connected to  the f loo r  

supports  and r ib s .  Figure 4 shows a f r o n t  view and ind ica t e s  the main 

en t rance  opening fo r  a 36 inch  by 78 inch  standard door. Also shown are the  2 

inch by 4 inch s t i f f e n e r s  and plywood paneling. Figure 5 shows a s ide  view 

and i n d i c a t e s  the r i b  spacing a s  *le11 as the ove ra l l  i n t e r i o r  length.  Figure 

6 shows the emergency rear ex i t ,  consis t ing of a standard steel door of 32 

inches by 78 inches. It a l s o  shows the cinder block -11 of the  s ide  of 

Building 1208. 

Beating, Cooliug, and Electrical Design 

The heat ing and cooling system consis ted of modifying the e x i s t i n g  room 

heat ing and cooling duc ts  and adding appropr ia te  temperature and humidity 

c o n t r o l l e r s  i n  the SS/AAA. Four room in take  grills located down the center  

and four r e tu rn  g r i l l s ,  tw) on e i the r  s ide ,  f ron t  and rear, were provided f o r  

a i r  d i s t r i b u t i o n .  Adequate supply fo r  both heat ing and cooling m s  ava i l ab le .  

The e l e c t r i c a l  system consisted of l i g h t i n g  and w a l l  r eceptab les .  The 

l i g h t i n g  WBS f ive  sets of four f luorescent  lamps down the center  of the 

c e i l i n g  of the SS/AA. The undersides of these f i x t u r e s  had a d i f f u s e r  

covering. Two dimmer switches,  each con t ro l l i ng  10 lamps, were located on the  

f ron t  w a l l  near the door. Six dual receptab les  were placed along each s ide  

w a l l ,  about two f e e t  above the floor.  

Acoustic Design 

The acous t i c  system consis ted of mult iple  loudspeakers mounted on the  

outs ide  of the SS/AAA plus t h e i r  control systems.  Figure 7 shows the 

c i r c u i t r y  of a typ ica l  loudspeaker i n s t a l l a t i o n .  The a t t enua to r s ,  noise  

limiters, and ampl i f i e r s  are in the cont ro l  room, Room 143 of Rldg. 1208. 

Sounds front the loudspeakers are picked up by the  monitor microphone located 

i n  the c e i l i n g  of the SS/AAA and converted t o  an e l e c t r i c a l  signal which i s  
3 



recorded on a graphic l eve l  recorder  and i s  d i r ec t ed  to  the noise  limiter. 

Excessive noise (g rea t e r  than that programmed) would cause the limiter t o  

funct ion and cut of f  the signal t o  the  ampl i f ie r .  To obta in  uniform sound 

within the SS/AAA, 24 loudspeaker systems cons i s t ing  of 8 inch woofers and 1.5 

inch  low mass teeters  -re located a t  6 longi tudina l  pos i t i ons  and a t  four 

r a d i a l  posi t ions.  

Construction 

Figures  8-14 shows var ious s t ages  of construct ion.  Figures 8 and 9 are 

i n t e r i o r  views looking forward and a f t  respec t ive ly .  Figure 10 is an e x t e r i o r  

view looking toward the r ea r .  Figure 11 shows the f r o n t  of the SS/AAA and 

ind ica t e s  i t s  closeness t o  the f ron t  w a l l  of the room i n  which i t  was 

constructed.  Figure 12 shows the speaker units mounted on the e x t e r i o r  of the 

SS/AAA with the camera angle looking toward the rear. Figures 13 and 14 show 

the  f i n a l  configuration and are similar in  perspect ive t o  f i g u r e s  8 and 9,  

respec t ive ly .  Dummy mock-ups of consoles are shown. 

MAN-RATING 

Safe ty  considerations caused modif icat ions t o  three rooms i n  Building 

1208. The l ea s t  modified w a s  room 136 adjacent  to  room 138. The door between 

the  rooms m s  removed f o r  easier emergency egress .  

e x i t  l i g h t s  were i n s t a l l e d .  Room 139 which encloses  the SS/AAA (Room 140) had 

a number of modifications. First, the  I n t e r i o r  E f fec t s  Room was removed. The 

r e s u l t i n g  hole in  the f loo r  was replaced with a re inforced  concrete f loo r .  

The emergency exi t  door m s  reversed so that i t  opened outward. 

a l ready  had e x i t  l i g h t s  and sp r ink le r s ,  but emergency l i g h t s  and smoke 

d e t e c t o r s  had  t o  be added. 

f i r e - r e s i s t an t  paint  . 
4 
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Room 139 

In add i t ion ,  the f loo r  and -11s -re painted with 



The SS/AAA was constructed i n  place i n  room 139 from plywood and mod 

r i b s  and s t r i n g e r s ,  a l l  t r ea t ed  t o  be f i r e - r e s i s t a n t .  It had conventional 

steel doors, a 36" x 78" door in  front and a 32" x 78" door i n  the rear on the  

r i g h t  side.  A l l  paint ing u t i l i z e d  f i r e - r e s i s t a n t  paint .  The electrical  work, 

and heat ing and ven t i l a t ion  i n s t a l l a t i o n s  met the bui lding codes. In addi t ion  

t o  the  smoke de tec to r s  and emergency l i g h t s ,  a two-way communication system 

and a TV monitor =re i n s t a l l e d .  A control  monitor microphone w s  i n s t a l l e d  

t o  prevent any i n t e r i o r  no ise  leve ls  g rea t e r  than programmed l eve l s .  

Programmed l e v e l s  could be up t o  OSHA standards t o  90 dB(A) fo r  either 

s inusoida l  and/or shaped random spectra  . 
Since the  SS/AAA is man-rated for research ,  and was b u i l t  i n  the volume 

formerly occupied by the man-rated I n t e r i o r  E f fec t s  Room, approval for  

research  and a r e c e r t i f i c a t i o n  of the room was required.  Approval for  

research  required approval of a revised protocol  (74-2) by the LaRC Dlrector .  

Rece r t i f i ca t ion  a l s o  required approval by the  LaRC Director .  A memorandum 

dated December 18, 1985 was forwarded t o  the d i r ec to r  through the Executive 

Safe ty  Board. The Director signed his approval on January 21, 1986, f o r  both 

the protocol and r e c e r t i f i c a t i o n  of the SS/AAA. 

NOISE SURVEYS 

Three noise  surveys were made in the SS/AAA as base l ine  data .  One survey 

consis ted of determining the d i s t r i b u t i o n  of random noise  l e v e l s  i n  the empty 

s h e l l  . h o t h e r  survey consis ted of measuring the reverberat ion times and 

absorpt ion c o e f f i c i e n t s  with mock-up consoles i n s t a l l e d .  

cons is ted  of determing the d i s t r ibu t ion  of both random and s inusoida l  no ise  

l e v e l s  with the mock-up consoles i n s t a l l e d .  

The t h i r d  survey 
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Bandom Noise Survey 

A g r id  system was located on the f loo r  ( f i g u r e  15) so t h a t  acous t i c  da ta  

could be obtained and p lo t ted  fo r  many d i s c r e t e  points .  The nine loca t ions  

ac ross  (A-G) were a t  about 16-1/2 inch  increments and the 1 1  s t a t i o n s  from 

f ron t  t o  rear (1-11)  were a t  24 inch increments, with no loca t ion  close t o  a 

wall. Spectral  and ove ra l l  no ise  l e v e l s  e r e  obtained fo r  a "pink" noise  

input a t  each loca t ion ,  A1 through G l l ,  for  e l eva t ions  of 48 inches and 64 

inches above the f l o o r ,  and for  l oca t ions  B1 through F11 f o r  an e leva t ion  of 

82 inches above the f loor .  Although the spec t ra  var ied considerably between 

1 / 3  octave bands for  many data po in t s ,  the  ove ra l l  and A weighted l e v e l s  a t  

each loca t ion  were within +1-1/2 dB of the mean. The measurements of A 

weighted and o v e r a l l  dB l e v e l s  are shown as three-dimensional views i n  f igu re  

16. 

Beverberation Wles  and Absorption Coefficients 

After dummy consoles =re i n s t a l l e d  ( f i g u r e s  13 and 14) i t  was 

appropr ia te  t o  measure reverberat ion times and absorpt ion c o e f f i c i e n t s  i n  the  

SSIAAA. N o  methods e r e  used. In one method, a reverberat ion timer 

(Communications Company, Inc.) with i t s  included f i l t e r s  measured the  

reverbera t ion  t i m e  and the in fe r r ed  absorpt ion c o e f f i c i e n t s  fo r  var ious octave 

bands. The second method consis ted of measuring the space averaged sound 

pressure l eve l ,  SPL, from a ca l ib ra t ed  sound power source (B&K Model 4204) and 

ca l cu la t ing  the absorption c o e f f i c i e n t s  and correspondingly the in fe r r ed  

reverbera t ion  times. The r e l a t i o n s h i p  t o  i n f e r  the absorption coe f f i c i en t  

from a measured reverberat ion time is 

T = reverbera  ion t i m e  sec 

s = sur face  area, m 
a = absorpt ion c o e f f i c i e n t  

5 3 *16' where V = volume, m (42 .2  m ) a s  
(82 .1  m2) ST 
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The r e l a t i o n s h i p s  used with the ca l ibra ted  sound source were 

1 10 (Lw - SPL - w r l  4 a = - 1 0  
S 

SPL = space averaged sound pressure  
leve  1 

0.16lV 
sa T =  

LW = sound power level and Wr = 10 loglo (1 + g) where 

Wr = Waterhouse cor rec t ion  

X = acous t i c  vave length,  m 

The r e s u l t s  of these  measurements and ca l cu la t ions  are show i n  t h e  

f o 11 owing t a b l e  : 

Beverberation -res and Absorption Coefficients 

Frequency 
Band, Hz 

125 
250 
500 

1000 
2000 
4000 
8000 

Reverberation 
Meter 

Sound Power Source Including 
Waterhouse Correction 

T a T a 

0.74 0.11 
0.58 0.14 
0.84 0.10 
1.15 0.07 
1.14 0.07 

0.21 0.24 
0.33 0.18 
0.78 0.11 
1.15 0.07 
1.07 0.08 
0.76 0.11 
0.40 0.21 

Good agreement was obtained in the mid-frequency range (500-2000 Hz) and poor 

agreement t a s  seen a t  low frequencies where the acous t i c  modal dens i ty  i s  low 

and reverbera t ion  ti= is of doubtful v a l i d i t y .  

Random and Sinusoidal Noise levels 

ufth Dnay Consoles Znstalled 

Bandm lbasurereata 

After  dummy consoles were i n s t a l l e d  i n  the SSIAAA, no i se  measurements i n  

n e i t h e r  the A and G columns nor the 82 inch e l eva t ion  could be made ( f i g u r e  

15). Thus measurements were made using pink no i se  for s t a t i o n s  B1-F11 a t  the  

64 inch e leva t ion .  The overa l l  and A weiyhted measurements are show i n  

7 



f i g u r e  17 and a re  compared t o  the r e s u l t s  obtained with the empty S S / M  

( s h e l l ) .  It may be noted that the SPL, sound pressure l e v e l ,  changed ve ry  

l i t t l e  from s t a t i o n  t o  s t a t i o n .  However, i n  the s h e l l ,  the  SPL's tend t o  be 

higher near the center  of the s h e l l  whereas with the dummy consoles i n s t a l l e d ,  

the  center  tends t o  have lower SPL's compared t o  the s ides .  

Sinusoidal Measurereats 

P r i o r  t o  conducting s inusoida l  no ise  s t u d i e s  i n  the SS/AAA, c a l c u l a t i o n s  

were made t o  determine resonant frequencies.  Since no exact  ca l cu la t ion  could 

be made f o r  the pa r t i cu la r  shape of the SS/AAA, approximation of the  

frequencies  were made using a formula that i s  normally used for  a volume 

bounded by rectangular  s ides .  The formula used i s  

where f = Hz 

C = speed of sound, f t / s e c  (1100 ft/Sec) 

m,n,k = modes in  the a ,b , c  d i r e c t i o n s  as show in  ske tch  

a ,b ,c  = s h e l l  dimensions, f t .  (11.1, 8 ,  23.4 f t . )  

8 



Thus only approximate frequencies  rere ca lcu la ted  f o r  the var ious modes. It 

may be noted that the lowest frequency (m=O, n=O, k=l) was ca lcu la ted  t o  be 

23.5 Hz with the standing w v e  from f ron t  to rear of the SSjAAA and no 

standing waves across  or up and dom. The lowest side-to-side standing wave 

( ~ 1 ,  n=O, k=O) was 49,s Hz and the lowest v e r t i c a l  standing wave (PO, n=l ,  

k=O) was 61 .I Hz. The measured resonant f requencies  obtained experimentally 

were 58, 80, 103, 138, 215, 231, and 380 Hz. Although there were other  

resonances, they appeared heavi ly  damped and were not  inves t iga ted .  The da ta  

obtained a t  the various g r id  loca t ions  =re u t i l i z e d  in  a computer program t o  

obtain sound contour p lo ts .  Figure 18 shows l i n e s  of constant SPL for  the 

o v e r a l l  condition fo r  the  resonant frequency of 58 Hz. Figure 19 shows the 

constant  contour l i n e s  for  the overal l  SPL for the  resonant frequency of 80 

Hz. As the  frequency is increased, more and more l i n e s  of constant  amplitude 

occur ind ica t ing  the presence of higher order modes. It should be noted that 

these contours apply only a t  the 64 inch  e l eva t ion  and that the g r id  layout of 

B1-Fl1 is r e a l l y  the cen t r a l  p a r t  of the SS/AAA. The measurements a t  the B 

and F loca t ions  a r e  w e l l  i n s ide  the outer  boundaries made up of the dummy 

consoles. 

OoiJCLITDING REluBKs 

The design and construct ion of a SS/AAA, Space S ta t ion /Ai rc ra f t  Acoustic 

Apparatus, have been documented and man-rating has been discussed. In 

add i t ion ,  the r e s u l t s  of three SSIAAA i n t e r i o r  no ise  tests: 

d i s t r i b u t i o n  of noise  l e v e l s  when exc i ted  by pink noise;  2) reverbera t ion  

t i m e s  and absorption c o e f f i c i e n t s  for  various octave band frequencies;  and 3) 

the d i s t r i b u t i o n  of noise  l eve l s  for both s inusoida l  and pink random noise  

inpu t s  a f t e r  i n s t a l l a t i o n  of dummy consoles e r e  presented. 

1) the  
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